ABSTRACT. Campylobacter jejuni and Campylobacter coli are the leading cause of food-related diarrhea worldwide. However, other campylobacteria such as other Campylobacter spp., Arcobacter spp. and Helicobacter spp. are also recognised as emerging pathogens, although they are not frequently isolated by traditional culturing methods. Moreover, Campylobacter spp. have become increasingly resistant to antibiotics due to antibiotic usage in animal and human medicine. It has been suggested that pet ownership increases the risk for campylobacteriosis. However, environmental factors such as temperature, humidity, and poor sanitation conditions have also been associated with the highest rates of shedding among animals. This study assessed the faecal shedding of campylobacteria in an urban coastal area among 68 (66.0%) domestic animals, mainly dogs (n=61), and 35 (33.9%) wild animals belonging to 13 species and eight orders. None of them had symptoms of gastroenteritis and campylobacteria were detected by PCR in 21 samples (20.4%), while only six (5.8%) were detected by culturing, i.e. Campylobacter upsaliensis (n=4, dogs), C. jejuni (n=1, dog) and Arcobacter butzleri (n=1, chicken). None of the isolates was resistant to ciprofloxacin, but two were resistant to erythromycin, i.e. A. butzleri (MIC=8 µg/ml) and C. upsaliensis (MIC=128 µg/ml). Regarding the virulence factors, only one isolate of C. jejuni was positive for cdtC and cadF genes and one isolate of A. butzleri was positive for cadF and ciaB genes. This is the first study to assess the faecal shedding of campylobacteria in animals from the urban coastal area of Valparaíso, Chile. Although C. jejuni and other emerging campylobacteria were detected mainly from pet dogs and in a low rate, further investigations are needed to assess the potential transmission of these zoonotic bacteria or their antibiotic resistance between pets and owners.
INTRODUCTION
Campylobacteria is a group bacteria that share morphologic and ecologic characteristics, i.e. they are Gram negative curved rods that often colonise the digestive tract of their hosts, despite the fact that they belong to different taxonomic groups such as the genera Campylobacter, Helicobacter, Arcobacter, Lawsonia and Anaerobiospirillum (On 1996) . Among them, the genera Campylobacter, Helicobacter, and Arcobacter have been more frequently associated with gastroenteritis in humans and animals (Bascuñana et al 2011, Collado and Figueras, 2011) . Bacteria from the genus Campylobacter spp. have been worldwide recognised as the leading cause of acute bacterial gastroenteritis in humans (Ghosh et al 2014) . The incidence rate of campylobacteriosis in the United States had been estimated in 14.3 per 100,000 population in 2012, causing approximately 1 million illnesses and 75 deaths annually, while in Europe, 246,307 cases were reported during 2016 according to EFSA (Crim et al 2014 , EFSA, 2016 . The vast majority of human gastroenteritis are caused by C. jejuni (80% -85%) and C. coli (10%-15%) (Bullman et al 2012) . However, data increasingly suggest that other campylobacteria such as emerging Campylobacter spp. together with Arcobacter spp. and Helicobacter spp have been underestimated as the cause of human and animal disease for several reasons including the capacity for isolation and differentiation of the methods used (Collado et al 2013 , Bascuñana et al 2011 , Bullman et al 2012 , Leahy et al 2017 . The detection of virulence associated genes has meant a considerable progress to determine the pathogenic potential of campylobacteria. In this regard, the presence of several virulence factors have been linked to motility, adhesion capacity, cell invasion and production of cytotoxins that could explain the pathogenic capacity of campylobacteria in the gastrointestinal tract (Khoshbakht et al 2013 , Levican et al 2014 . There is a need to demonstrate the link between the presence of virulence factors and pathogenicity, which is key to better understand bacteriosis in order to develop and implement more effective therapies against infection (Lapierre 2013 ). On the other hand, a constant monitoring of antimicrobial susceptibility among Campylobacter isolates has been recommended due to the current emergence of isolates resistant to antibiotics including fluoroquinolones, tetracycline and erythromycin, which are the treatment of choice (Garcia et al 2009) .
Campylobacteria infection is transmitted via direct contact with faeces or by cross contamination through food, as well as by raw or undercooked meat or raw milk, while the main type of food involved in relation to public health is poultry and pork (Frasao et al 2017) . However, other sources of transmission that have been recognised are the consumption of contaminated water as well as the contact with a wide variety of domestic and wild animals, especially cats, dogs, cattle, sheep, pigs and birds (Tresierra et al 2006 , Leahy et al 2017 . In fact, pet ownership can significantly increase the risk for human Campylobacter infection, because it has been estimated that about 6% of human enteric campylobacteriosis is transmitted from pets, while these animals also represent a potential source of dissemination of antimicrobial resistance due to their close contact with humans (Rossi et al 2008) .
In Latin American countries, some studies have shown variable rates between 9% and 20% of faecal shedding among domestic and wild animals (Tresierra et al 2006 , Fernández et al 2011 . In those studies, the highest values have been associated with a high environmental temperature and humidity and poor sanitation conditions, as well as to the possible contact between wild animals and humans or poultry (Fernández et al 2011 , Tresierra et al 2006 . Furthermore, the animals with the highest values have been those belonging to the orders Galliformes and Primates (Tresierra et al 2006) .
Faecal shedding among domestic animals has been shown to range from 20% to 75%, and such results depend not only on the detection method but also on the population of animals sampled (Leahy et al 2017) . For instance, the lower end of this range corresponds to pet dogs, and the higher, to dogs in shelters or kennels. In fact, remarkable differences have been observed between studies including stray dogs or pet dogs (Toledo et al 2015) .
Valparaíso region is a coastal urban area located in the center of Chile, which presents a Mediterranean Climate 1 . The average annual temperature in Valparaíso is 58.0°F (14.4°C), ranging from 64.0°F (17.8°C) in January to 53.0°F (11.7°C) in July, while the average annual amount of precipitation is 19.9" (505.5 mm) 1 . Considering that no previous studies on Campylobacter or other emerging campylobacteria have been conducted in this geographic region, the aim of this study is to determine the prevalence of faecal shedding of these zoonotic bacteria of public health concern among domestic and wild animals from the Valparaíso region (Chile) and to determine the presence of potential virulence factors and/or antibiotic resistance among the isolates. The samples corresponded to animal fresh depositions shed by spontaneous evacuation during the time established for their collection, considering only one sample per animal regardless of the time they stay in the center. The animals were not handled directly and the whole procedure was carried out with the help and supervision of the personnel in charge of the animals. For collection, clean plastic films were placed in the floor of the cage and the samples were taken using wooden sticks and deposited in clean sterile flasks for culturing immediately after issued. For DNA extraction, an aliquot of stools was deposited into a tube containing RNA later TM (Sigma, USA) and stored refrigerated at 4 °C, as recommended by Gray et al (2012) . RNA was used later because it has performed as a good DNA preservation method, preserving DNA in samples refrigerated for at least 1 month with the added benefit of lower PCR inhibition (Gray et al 2012) . Afterwards, samples were transported and then processed for culturing on the same day, while for DNA extraction, samples were stored refrigerated and processed weekly.
BACTERIAL DETECTION AND IDENTIFICATION
For the direct bacterial detection from faeces by PCR, total DNA was extracted from samples conserved in RNA later within the week of collection. To do this, 100 μL of each sample were washed twice in phosphate buffered saline (PBS) pH 7.4, 0.01 M (Winkler, Chile). DNA was then extracted using the commercial kit Instagene matrix® (Biorad, USA), according to the manufacturer's instructions for bacteria. The presence of stool derived PCR inhibitors was assessed as described by Holland et al (2000) . In brief, a set of ten DNA samples were randomly selected and used to amplify the 16S rRNA gene by using commercial kit GoTaq Green Master Mix (Promega, USA) and universal primers PA and PH in PCR reactions. The PCR products were then subjected to electrophoresis in 1% agarose gel (Sigma, USA), stained with SYBR® Safe DNA Gel Stain (Thermo Fisher, USA) and visualised in UV transilluminator. As the ten samples yielded a strong positive amplicon, no inhibition was assumed.
The samples were submitted to genus-specific PCR for Campylobacter (Linton et al 1996) , Arcobacter (Harmon and Wesley 1997) , and Helicobacter (Moyaert et al 2008) , using the commercial kit GoTaq Green Master Mix (Promega, USA) with the concentrations of primers and conditions indicated by their respective authors (table S1) 3 . In the case of samples positive for genera Campylobacter and Arcobacter, a second PCR was carried out for the detection of specific species associated with human infections: C. jejuni, C. coli, C. ureolyticus, C. upsaliensis, C. concisus, A. butzleri and A. cryaerophilus (Bullman et al 2012 , Collado et al 2013 , Figueras et al 2014 (Table S1 ). In all cases, PCR products were then subjected to electrophoresis in 1% agarose gel (Sigma, USA), stained with SYBR® Safe DNA Gel Stain (Thermo Fisher, USA) and visualized in UV transilluminator.
For culturing, samples were directly seeded onto Campylobacter Charcoal Deoxycholate Agar supplemented with Cefoperazone and Amphotericin B (CCDA, Liofilchem, Italy), and incubated for 48h to 72h at 37 ºC under microaerobic conditions (~O 2 5-7%, CO 2 5-10%, N 2 85%, H 2 3%) using the Anaerocult C ® (Merck, USA) generator system into an appropriate anaerobic jar. Presumptive colonies of campylobacteria were submitted to Gram stain to observe the characteristic morphology (Gram negative curved or s-shaped rods) and re-streaked on Trypticase Soy Agar supplemented with 5% sheep blood (BA) and incubated as described above.
PHENOTYPIC AND MOLECULAR CHARACTERISATION
Phenotypic characterisation of these colonies was carried out by using biochemical tests including catalase, oxidase, hydrolysis of hippurate, and susceptibility to nalidixic acid and cefalotin (Table S2) as described by Fernández et al (2016) .
For the molecular characterisation, total DNA was extracted from the isolated colonies with the Instagene Matrix TM (Biorad, USA) kit according to the instructions of the manufacturer. Genus and species specific molecular identification of this colonies were carried out as described above. The presence of potential virulence associated genes was determined by PCR in all of the isolates identified as Campylobacter spp. or Arcobacter spp. The tested genes were selected on the basis of their prevalence in previous 3 Available at: www.australjvs.cl/ajvs studies as well as on their putative role in pathogenesis for Campylobacter spp. (cadF, associated with adhesion and cell invasion; iamA, invasion associated marker; pldA, phospholipase A associated with lysis of erythrocytes; cdtA, cdtB and cdtC, encoding the subunits A, B and C of the Citolethal Distending Toxin) and Arcobacter spp. (cj1349, encoding a fibronectin binding protein implicated in adhesion; cadF, associated with adhesion and cell invasion; ciaB, encoding a putative invasion protein) (Khoshbakht et al 2013 , Levican et al 2013 . PCR reactions were carried out using the commercial kit GoTaq Green Master Mix (Promega, USA), with the concentrations of primers and conditions described in the literature (Khoshbakht et al 2013 , Levican et al 2013 (table S2) 4 . The PCR products were then subjected to electrophoresis in 1% agarose gel (Sigma, USA), and then stained with SYBR® Safe DNA Gel Stain (Thermo Fisher, USA) and visualised in UV transilluminator. The control strains used in all the phenotypic and molecular tests were the type strains of C. jejuni subsp. jejuni DSM 4688 T (= ATCC 33560 T ), C. coli DSM 4689 T (= ATCC 33559 T ), and A. butzleri LMG 10828 T .
The susceptibility to antimicrobials was carried out with the Kirby-Bauer method using the MH-F medium (Müeller Hinton Agar supplemented with 5% defibrinated horse blood and β-NAD 20 mg/L, Liofilmchem, Italy) for ampicillin, amoxicillin/clavulanic acid, gentamicin, ciprofloxacin, nalidixic acid, erythromycin, azithromycin, and tetracycline, using the strain C. jejuni subsp jejuni DSM 4688 T (= ATCC 33560 T ) as control. All plates were incubated at 37° C for 48 hours under microaerophilic conditions (~O 2 5-7%, CO 2 5-10%, N 2 85%, H 2 3%) using the Anaerocult® C (Merck, USA) generator system into an appropriate anaerobic jar. In parallel, the minimum inhibitory concentration (MIC) was determined by the double dilution in agar method from 0.125 μg/mL to 256 μg/mL, for erythromycin and ciprofloxacin as previously described (Fernández et al 2016) . Cut offs for interpretation of Kirby-Bauer and MIC results were obtained from the recommendations of the Comité de l'Antibiogramme of the Société Française de Microbiologie (2017).
RESULTS
A total of 103 samples were collected, of which 74 (71.8%) were obtained from domestic animals, mainly dogs (n=61). On the other hand, 29 (28.2%) wild animals were sampled which belonged to 13 species and eight orders (table 1). None of these animals had symptoms of gastroenteritis.
Overall, 21 samples were PCR-positive to Campylobacter spp. (n=8, 38.1%), Helicobacter spp. (n=8, 38.1%), and Arcobacter spp. (n=5, 23.8%). Among the Campylobacter species, C. upsaliensis (n=4, 50%), C. jejuni (n=1, 12.5%), and C. coli (n=1, 12.5%), were identified, while only A. butzleri (n=1, 20%) was identified among Arcobacter spp. positive samples. Animals belonging to four species were positive for campylobacteria tested by genus specific PCR, i.e. domestic dog (Canis lupus familiaris, Order Carnivora), chicken (Gallus gallus domesticus, Order Galliformes), Southern sea lion (Otaria flavescens, order Carnivora), and Magellanic penguin (Spheniscus magallanicus, Order Spheniciformes). Only six samples (5.8%) were positive for campylobacteria by culturing, which corresponded to five Campylobacter and one Arcobacter (table 2). The predominant species isolated was C. upsaliensis (n=4) from dog faeces (table 1) .
The PCR detection of virulence-associated genes demonstrated the presence of only the cdtC and cadF genes in the C. jejuni 191101 isolate recovered from dog, and the ciaB and cadF genes in the A. butzleri 191103 isolate from chicken, while all other isolates were negative for all tested genes.
All isolates were susceptible to ciprofloxacin, while one isolate of C. upsaliensis (261004) isolated from dog was resistant to erythromycin (MIC=128 μg/mL), azithromycin, amoxicillin-clavulanic acid and tetracycline, and the remaining Campylobacter isolates were susceptible to all antimicrobials tested (table 3) . On the other hand, the A. butzleri isolate (191103) from chicken also showed resistance to erythromycin (MIC=8 μg/mL).
DISCUSSION
The faecal shedding of campylobacteria observed in wild animals (3/29, 10.3%) and domestic animals (18/74, 24.3%) was relatively low considering previous studies in different animals in South America and other geographic locations (Fernández et al 2011) . Regarding wild animals, our study included individuals belonging to 13 species from eight orders which mainly corresponded to birds, and among them, only two southern sea lions and a Magellanic penguin were PCR-positive for campylobacteria (table 1) . A previous study on faecal shedding of Campylobacter in wild animals from the Peruvian Amazon region obtained a 11% of shedding by culturing, the main source being the orders of Galliformes and Primates (Tresierra et al 2006) . The positivity found in that study was explained by the high temperature and humidity as well as poor sanitation conditions in the peri-urban areas were the animals sampled live (Tresierra et al 2006) . Considering this, the lower temperature and humidity present in the urban coastal area where this study was conducted could explain the lower incidence observed. Regarding campylobacteria shedding in penguins and sea lions, C. coli, A. butzleri and Helicobacter spp. were the species detected in the present study. Campylobacter spp. has already been detected from marine mammals and seabirds in Antarctic and subantarctic region. However, the species most commonly reported corresponded to C. lari or related species (García-Peña et al 2010 , 2017 . In studies conducted in Europe, the overall detection of Campylobacter among wild animals has ranged from 6% to 43% and the differences have been attributed mainly to the feeding habits, diet, and preferred habitats, but also to other factors such as migration patterns, lifespan, or differerent life stages like breeding, migration, molting and wintering (Waldenstrom et al 2002 , Antilles et al 2013 , Krawiec et al 2017 . In this same line, it has been highlighted that those animals living or feeding at watery habitats such as water edges or in shallow waters of habitats that commonly harbour Campylobacter spp. may present a high overall prevalence (Waldenstrom et al 2002) . Most of wild animals sampled here corresponded to raptors and scavenging birds admitted at the Animal Rescue Foundation Ñamku, Valparaíso (Chile) which were all negative for campylobacteria. On the contrary, MolinaLopez et al (2014) , studied the presence of Campylobacter spp. and Salmonella spp. among faecal samples of 121 raptors admitted to the Wildlife Rehabilitation Centre of Torreferrusa (Spain), and 9 out of them (7.4%) were positive for Campylobacter spp., demonstrating that these bacteria as well as other enteropathogens may be present in the wildlife admitted to rehabilitation centres, therefore, their zoonotic risk for the staff and general population must be considered (Molina-Lopez et al 2014) .
It should be noted that due to the difficulty in the access to this kind of samples, the present study included only a few individuals of the different species sampled and this could explain the low prevalence observed. Therefore, further studies aimed to clarify whether this is the true tendency for faecal shedding of campylobacteria among animals in Table 3 . Antimicrobial susceptibility of the isolates recovered in this study.
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A. butzleri 191103 this geographical zone and to determine the factors behind this tendency are needed. Despite of this, the presence of stool derived PCR inhibitors after the extraction process was not observed in this study. Moreover, sampling was performed once for each animal and upon their arrival to the veterinary clinical or rescue foundation. Thus, cross contamination with campylobacteria due to their contact with humans or other animals was avoided. However, another limitation of this study is that the sensitivity of PCR methods used was not determined. Therefore, we are not able to state whether negative samples are due to the absence of campylobacteria or they are negative due to a bacterial load in the sample which was under the detection limit of the method. The faecal shedding among domestic animals (24.3%) was also low, but in previous studies it ranged from 20% to 75% depending on the detection method and on the population sampled (Leahy et al 2017) . The low end of this range (20%) corresponds to pet dogs, while the high end (75%) corresponds to dogs in shelters or kennels (Leahy et al 2017) . In fact, remarkable differences have been observed between studies including stray dogs or pet dogs (Toledo et al 2015) . Therefore, it is possible that the overall low prevalence of campylobacteria among pets in this study could also be due to the fact that they belong to known owners who provide them good standards of care.
By culturing, a lower isolation rate (5.8%) in comparison with PCR detection was obtained. Moreover, Helicobacter spp. were not isolated, even though they were detected by PCR in 3 animals. The lower performance of culturing could be attributed to the overgrowth of accompanying bacteria that hampered the recognition of campylobacteria, as well as the possible presence of Viable But Non-Culturable bacteria (VBNC) as suggested by Bullman et al (2012) .
Only isolates belonging to Campylobacter spp. and Arcobacter spp. were obtained and, as expected, C. upsaliensis was the most commonly isolated species from dogs (Rossi et al 2008 , Leahy et al 2017 . Although the role of this species as human pathogen is not clearly established, in some cases it was associated with gastroenteritis (Holmerg et al 2015) . Moreover, its prevalence among humans could have been underestimated due to the fact that methods used in the public health laboratories have been developed to detect C. jejuni and C. coli (Holmerg et al 2015) . Regarding the major pathogen C. jejuni, the isolate 191101 of this species was recovered from a dog, confirming that pets could be a reservoir for this species. As previously suggested, C. jejuni could be transmitted to dogs by a food source or by their owner and there is a need for further study on this (Tamborini et al 2012) . On the other hand, evidence suggests that the transmission of C. jejuni from dogs to humans can also occur through the contact with faeces of infected dogs, therefore, its shedding represents a potential threat to public health (Tamborini et al 2012 , Leahy et al 2017 .
The presence of potential virulence associated genes was determined by PCR in all of the isolates of Campylobacter spp. and Arcobacter spp. Only the cdtC and cadF genes were detected in the C. jejuni isolated from dog and the ciaB and cadF genes in the A. butzleri isolated from chicken. Both species have been associated with gastroenteritis in humans, therefore, it was expected the presence of putative virulence genes. On the contrary, it is possible that negative results for the other tested genes were due to differences in DNA sequences of those genes among strains because the primers have been designed on the basis of the representative strains C. jejuni 81-176 and A. butzleri RM4018 (Levican et al 2013 , Iglesias-Torrens et al 2018 . In this regard, Iglesias-Torrens et al (2018) have observed a higher diversity of cdtA alleles among C. jejuni strains found in wild birds compared to broilers or humans. The authors hypothesize that these differences among sequences of certain cdt alleles could be linked to the ability to colonize different hosts.
None of the isolates obtained in this work was resistant to ciprofloxacin, even though a resistance to this antibiotic has been previously observed among isolates from animals and humans (Garcia et al 2010 , Carbonero et al 2012 , Toledo et al 2015 , Lapierre et al 2016 . On the contrary, two isolates were resistant to erythromycin, i.e. A. butzleri 191103 (MIC=8 μg/mL) and C. upsaliensis 261004 (MIC=128 μg/mL). Moreover, the C. upsaliensis isolate was also resistant to azithromycin, amoxicillin-clavulanic acid and tetracycline. Multidrug resistance (MDR) has been previously observed among isolates from humans and broilers. However, the most frequent MDR profile has been the resistance to tetracyclyne, ciprofloxacin, naludixic acid and ampicillin, while erythromycin and gentamicin are considered the most efficient antibiotics against Campylobacter isolates from dogs (Iglesias-Torrens et al 2018). In contrast, Tsai et al (2007) observed a higher rate of resistance to azithromycin (93.9%), clindamycin (87.9%), erythromycin (81.8%), tetracycline (78.8%) and a lower rate to ciprofloxacin (18.2%) among stray dogs from Taiwan. The authors suggested that the differences in resistance between strains from stray dogs compared with those from humans or broilers may reflect the differences in antimicrobial use between pet animal veterinary medical practice and human medical practice (Tsai et al 2007) .
In conclusion, in this study it was posible to observe the shedding of C. jejuni and other emerging campylobacteria in faeces mainly obtained from pet dogs. This shedding was lower than that found in previous reports. Despite the fact that a low number of individuals different than dogs was sampled, the low shedding observed could be explained by different factors such as the weather conditions, and the good standards provided by their owners. However, the presence of these bacteria warrants future studies to assess the potential transmission of these zoonotic bacteria to owners, or even the transmission of the observed antibiotic resistance to other bacteria present in their microbiome.
In this sense, under a ONE HEALTH approach, it is also necessary to design education programs aimed at owners in order to avoid this transmission of campylobacteria from pet to owners or vice versa.
